Background: Pre-hospital tracheal intubation success and complication rates vary considerably among provider categories. The purpose of this study was to estimate the success and complication rates of pre-hospital tracheal intubation performed by physician anaesthetist or nurse anaesthetist pre-hospital critical care teams. Methods: Data were prospectively collected from critical care teams staffed with a physician anaesthetist or a nurse anaesthetist according to the Utstein template for pre-hospital advanced airway management. The patients served by six ambulance helicopters and six rapid response vehicles in Denmark, Finland, Norway, and Sweden from May 2015 to November 2016 were included. Results: The critical care teams attended to 32 007 patients; 2028 (6.3%) required pre-hospital tracheal intubation. The overall success rate of pre-hospital tracheal intubation was 98.7% with a median intubation time of 25 s and an on-scene time of 25 min. The majority (67.0%) of the patients' tracheas were intubated by providers who had performed >2500 tracheal intubations. The success rate of tracheal intubation on the first attempt was 84.5%, and 95.9% of intubations were completed after two attempts. Complications related to pre-hospital tracheal intubation were recorded in 10.9% of the patients. Intubations after rapid sequence induction had a higher success rate compared with intubations without rapid sequence induction (99.4% vs 98.1%; P¼0.02). Physicians had a higher tracheal intubation success rate than nurses (99.0% vs 97.6%; P¼0.03). Conclusions: When performed by experienced physician anaesthetists and nurse anaesthetists, pre-hospital tracheal intubation was completed rapidly with high success rates and a low incidence of complications. Clinical trial number: NCT 02450071.
Pre-hospital tracheal intubation is frequently difficult and can be associated with severe adverse events. Providers should be competent to perform the procedure and capable of preventing and treating complications. When performed by experienced physician anaesthetists and nurse anaesthetists, pre-hospital tracheal intubation can be completed rapidly with high success rates and a low incidence of complications.
Pre-hospital tracheal intubation is a potentially lifesaving intervention. 1 However, pre-hospital tracheal intubation is challenging as a result of environmental factors, patient positioning, limited airway equipment, and the availability of assistance, creating a risk of serious complications that may threaten patient safety. 2e4 Because tracheal intubation carries a risk of severe adverse events, providers must be both competent to perform the procedure and capable of preventing and treating complications. 5, 6 The success rates of pre-hospital tracheal intubation performed by emergency medical services with providers with limited or heterogeneous levels of airway expertise have been investigated in previous studies.
7e10 Small single-centre and
single-country studies have demonstrated a high 99.7% prehospital tracheal intubation success rate when tracheal intubation is performed by airway experts. 11 However, there are no large international multicentre studies that validate these small studies or that report data only from units staffed with airway experts (i.e. anaesthetists and nurse anaesthetists). Several recently published guidelines concerning pre-hospital tracheal intubation and emergency anaesthesia recommend that these procedures be performed in accordance with the same standards as in-hospital procedures. 5, 12, 13 The guidelines emphasise that pre-hospital providers should have a skill level that would allow them to perform unsupervised emergency tracheal intubations in the emergency department. In hospitals in the Nordic countries, all tracheal intubations are performed by physicians or nurses from the anaesthesiology and intensive care units. Physician anaesthetists and nurse anaesthetists are widely used in emergency medical services and perform the vast majority of pre-hospital tracheal intubations in the Nordic countries. 14 The objective of the present study was to investigate the success rate of tracheal intubation and the incidence of complications associated with tracheal intubation in a pre-hospital system in which intubation is performed only by anaesthetists and nurse anaesthetists.
Methods
This was a prospective, observational, multicentre study of pre-hospital advanced airway management. All patients who had undergone attempted pre-hospital tracheal intubation during a primary mission by the units listed below between May 2015 and November 2016 were included in the study. A tracheal intubation attempt was defined as laryngoscopy with the intent to intubate. Tracheal intubations performed during inter-hospital missions were excluded from the study. Ethical and institutional approvals were acquired before patient enrolment, and the study was registered at Clinicaltrials.gov (NCT02450071 anaesthetists. The vast majority of the providers in this study perform emergency anaesthesia and advanced airway management both in and outside the operating room as part of their daily work. Pre-hospital critical care teams attend both trauma and medical patients. All the services provide rapid sequence induction and access to anaesthetic agents, sedatives, analgesics, and neuromuscular blocking agents. These units have equipment to facilitate advanced airway management including supraglottic airway devices, conventional laryngoscopes, stylets, gum-elastic bougies, surgical airway equipment, and capnographs. All services except HEMS Trondheim and HEMS Stavanger carry videolaryngoscopes (McGrath, Glidescope, C-MAC, or Airtraq).
The data regarding pre-hospital advanced airway management were selected, defined, and collected according to the consensus-based core dataset definitions described in the Utstein-style airway template by Sollid and colleagues. 15 Descriptive variables such as demographic data, patient categories, and indications for tracheal intubation were collected. Exposure variables, such as the type of airway management used, were documented. Rapid sequence induction was defined as a tracheal intubation aided by the use of any combination of a) a sedative or an analgesic drug, and b) a neuromuscular blocking agent. Endpoint and outcome variables included the overall success rate of tracheal intubation, the number of attempts at tracheal intubation, the success rate of tracheal intubation on each attempt, complications associated with tracheal intubation, tracheal intubation time, on-scene time, and the presence of a difficult airway. Successful tracheal intubation required lung auscultation, capnography verification of the tracheal tube position, or both. Tracheal intubation time was defined as the time from when the laryngoscope first passed the front teeth until the correct tube position was verified with capnography or lung auscultation. On-scene time was defined as the time from the arrival of the rapid response car or ambulance helicopter to the departure of the ambulance vehicle carrying the patient. A potentially difficult airway was defined as reduced neck mobility, severe obesity, a small mouth, a short thyromental distance (<6.5 cm), significant airway trauma, blood or mucus in the airway, prior difficult airway management, or pre-existing non-functional supraglottic airway. Tracheal intubation complications were defined in accordance with Sollid and colleagues 15 as hypoxia (oxygen saturation <90%), hypotension (systolic blood pressure <90 mm Hg), bradycardia (pulse <60 beats min
À1
), unintentional intubation of the oesophagus or right main stem bronchus, vomiting, aspiration of gastric contents or blood into the lungs, or dental trauma. The airway management methods used in patients of failed tracheal intubation were recorded. Survival data were recorded for the pre-hospital phase only. The data collection form used is available as an online appendix.
Data were registered by the attending airway provider on a paper form directly after the mission. The data on the paper forms were transferred to an SPSS database (IBM SPSS Statistics, version 23, New York, United States of America) by the study nurse. Data analysis was performed using SPSS, and descriptive statistics were generated. The c 2 test was used to calculate differences between groups; statistical significance was set at P<0.05. Study results are presented according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) Guidelines for observational studies. 16 
Results
During the study period, the participating units attended to 32 007 patients, of whom 2028 (6.3%) required pre-hospital tracheal intubation (Fig. 1) . The median age of the included Anaesthetists performed 67.1% of the tracheal intubations, nurse anaesthetists performed 25.2%, anaesthetist registrars performed 5.7%, and emergency medicine physicians performed 1.5%. Most (67.0%) of the patients were intubated by providers who had performed >2500 tracheal intubations, and 99.3% of patients were intubated by providers who had performed >200 tracheal intubations.
The overall success rate of pre-hospital tracheal intubation was 98.7% (2001/2028), with a median tracheal intubation time of 25 s (IQR 15e30 s, Table 2 ). Tracheal intubations were successful on 84.5% of the first attempts, 95.9% after the second attempt, and 98.2 after the third attempt. Successful tracheal intubation within two attempts with no complications was achieved in 88.3% of the patients. Conventional laryngoscopy and videolaryngoscopy were used in 58.4% and 41.6% of patients on first attempt, 62.9% and 31.6% on second attempt, and 42.6% and 41.1% of patients on third attempt, respectively ( Table 3 ). The success rate of tracheal intubation at the first attempt was higher with videolaryngoscopy compared with conventional laryngoscopy (92.9 vs 78.6%, P<0.01). The first attempt tracheal intubation time was faster with conventional laryngoscopy compared with videolaryngoscopy (20 vs 25 s, P<0.01). A surgical airway was performed in 10 patients (0.5%). The 27 patients with unsuccessful tracheal intubation attempts were further managed using supraglottic airway (n¼14), a bag-valve-mask (n¼7), or a surgical airway (n¼6). Table 2 shows the tracheal intubation complications.
The tracheal intubation success rate for trauma patients was 98.4%. Tracheal intubations after rapid sequence induction had a higher success rate than tracheal intubations without rapid sequence induction (99.4 vs 98.1%; P¼0.02, Table 4 ). Among cardiac arrest patients, the tracheal intubation success rate was 98.2%, compared with 99.1% for noncardiac arrest patients (P¼0.08). Among the 67% of patients presenting a difficult airway, the tracheal intubation success rate was lower than among patients without a difficult airway (98.1 vs 99.6%; P>0.01). Physicians had a higher tracheal intubation success rate than nurses (99.0 vs 97.6%; P¼0.03).
The median time on-scene was 25 min (IQR 18e33 min). At the emergency department, 65.2% of the patients were alive, and an additional 13.1% of patients were receiving on-going cardiopulmonary resuscitation. Pre-hospital death was declared for 21.7% of patients. Ninety-three percent of patients with traumatic brain injuries were alive at the time of hospital admission.
Discussion
To our knowledge, this is the largest prospective study of physician and nurse anaesthetist pre-hospital tracheal intubations. When performed by experienced anaesthetist providers, pre-hospital tracheal intubation was rapid (25 s), had a high success rate (98.7%), and required only a short on-scene time (25 min). Pre-hospital tracheal intubation as described in the current study appears to at least meet the standards of in-hospital emergency anaesthesia. 17 Eleven percent of the patients sustained complications during pre-hospital tracheal intubation. Using the definitions in the uniform template for airway data reporting, 15 the corresponding complication rate was somewhat lower than that of an international multicentre physician HEMS-trial (13%) 7 and another rapid response car study in Denmark (14.2%).
11
The hypoxia incidence after rapid sequence induction of 4.1% in this study was lower than the corresponding numbers reported for physician-staffed services in Germany (13.3%), Denmark (5.3%), UK (10.2%), and Hungary (8.1%). 8, 11, 18, 19 Patient heterogeneity and hypoxia before rapid sequence induction may partly explain these differences. Additionally, the new apnoeic oxygenation strategy, the development of novel airway equipment, and provider experience may have contributed to the low rate of hypoxia found in this study. These factors may also explain the relatively low incidence of hypotension (9.1%) after rapid sequence induction compared with previous pre-hospital and emergency department studies. 8, 20, 21 The low rates of hypoxia and hypotension after rapid sequence induction found in this study may have been beneficial for the treatment of patients with traumatic brain injuries, as 93% of these patients were alive at the time of emergency department admission. A Finnish study on traumatic brain injury demonstrated lower rates of hypoxia and hypotension when patients were treated by pre-hospital physicians compared with paramedics, with an increased 1-yr survival rate of 57 vs 42%. 9 This finding is also in accordance with a recent meta-analysis demonstrating an increased mortality rate when providers with limited Pre-hospital tracheal intubation has been recognised as a high-risk procedure. Several guidelines recently published for the UK, Germany and Scandinavia emphasise that prehospital emergency anaesthesia and tracheal intubation should be conducted according to the same standards as inhospital procedures. 5, 12, 13 Only anaesthetic consultants and registrars perform unsupervised emergency anaesthesia and tracheal intubations in hospitals in the Nordic countries. Therefore, most pre-hospital tracheal intubations in this study were performed by experienced anaesthesiology providers, 67% of whom had performed more than 2500 tracheal intubations. This finding is in contrast to the AIRPORT trial, which investigated both anaesthesiologists and emergency medicine physicians and in which only 52% of the providers had performed >1000 tracheal intubations.
7
A retrospective study of 7256 pre-hospital tracheal intubations in London, UK suggested higher success rates when the procedures were performed by anaesthetists compared with emergency physicians. 10 This finding is consistent with a study demonstrating a significantly higher incidence of difficult tracheal intubation amongst 'proficient' intubators, who performed a median of 18 tracheal intubations per year, compared with 'expert' intubators who performed a median of 304 tracheal intubations per year. 22 In a recently published meta-analysis of pre-hospital tracheal intubation, experienced consultant anaesthetists had the highest tracheal intubation success rate (99.4%). 23 In another study, anaesthetists comprised the category of physicians with the highest success rate of tracheal intubation at the first attempt. 24 Prolonged laryngoscopy may shift the focus of care and delay other lifesaving procedures, which may be more important than the intubation itself.
12
When performed by the anaesthetist providers in the current study, tracheal intubation was accomplished rapidly (25 s). Additionally, on-scene times were shorter (25 min) in this study than those reported for pre-hospital services in Hungary (49 min), the UK (40 min), and Australia (42 min). 14, 25, 26 These differences may be explained by differences in both patient characteristics and provider skills. The current pre-hospital practice in Nordic countries of devoting less attention to 360 patient access, not primarily using bougies on all tracheal intubations and using short 'challengeeresponse' checklists may favour shorter on-scene times without affecting the high tracheal intubation success rates in patients with time-critical conditions such as uncontrolled internal haemorrhage and traumatic brain injuries. The first-pass success rate of 84.5% in the current study was higher than that reported in a recently published metaanalysis of physician and non-physician pre-hospital tracheal intubation (77.8%). 23 The first-pass tracheal intubation success rate after rapid sequence induction in this study compared favourably to data from the physician-HEMS AIRPORT trial (91.6 vs 89%). 7 Differences in indications to tracheal intubation and patient characteristics may partly explain the variations in first-pass success rates. Additionally, differences in provider experience may affect failure and complication rates, highlighting the need for airway expertise. 1, 2 This finding is also supported by a Cochrane review suggesting that competence is a key factor in emergency tracheal intubations. 27 The Scandinavian Society of Anaesthesiology and Intensive Care Medicine task force on prehospital airway management recommends that pre-hospital emergency anaesthesia and intubation should at least meet the standards for in-hospital emergency anaesthesia. 12, 28 Among the 67% of patients who presented a difficult airway, the tracheal intubation success rate was high (98.1%). Although the providers' airway expertise may explain this result, different definitions of a difficult airway and the recent implementation of videolaryngoscopy may also account for some of the variation. Videolaryngoscopes were used on the first tracheal intubation attempt in 41.6% of patients, and were associated with a higher first-pass success rate compared with conventional laryngoscope use (92.9 vs 78.6%, P<0.01). However, first attempt tracheal intubation using conventional laryngoscopy was faster compared with videolaryngoscopy (20 vs 25 s, P<001). The low surgical airway incidence of 0.5% in this study is comparable with that reported by other physician-staffed pre-hospital services. 10, 11, 18, 29 A limitation of the current study is its self-report design, which carries a risk of registration and recall bias. Another risk entails the under-reporting of complications. Several efforts were undertaken to reduce this risk, including the use of anonymous data registration forms. An additional limitation of this study is the risk of missing some intubated patients despite the systematic monitoring of patient inclusion by the national and local trial managers. Because assistants may affect the success rate of tracheal intubation, minimum standards for staff assisting with pre-hospital anaesthesia have been recommended by the Association of Anaesthetists of Great Britain and Ireland. 5 However, data concerning assistants' competence level were not collected in this study. This study was not designed to investigate either mortality or possible long-term complications related to pre-hospital tracheal intubation (e.g. minor tracheal injuries, acute respiratory distress syndrome, and pneumonia). This approach may have led to an underestimation of tracheal intubation complications.
Conclusion
This large prospective study demonstrated that pre-hospital critical care teams that include an anaesthetist provide rapid pre-hospital tracheal intubations with short on-scene times, high success rates, and a low incidence of complications. Rapid pre-hospital tracheal intubation with short on-scene times may be crucial in time-critical emergencies such as traumatic brain injuries and multitrauma. The reported prehospital tracheal intubation success and complication rates are comparable with in-hospital rates. 
